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© Optical coordinate input apparatus and position indicator thereof. 



© A coordinate input apparatus is disclosed which 
is freed from restrictions of a conventional tablet and 
is thereby capable of being applied to a large sized 
two dimensional coordinate plane as well as a small 
sized one. It comprises a reflection type position 
indicator (110), a light source portion (101) and a 
calculating portion whereby when the reflection type 
position indicator is positioned on the coordinate 
plane for the purpose of designating a coordinate, 
the light source portion disposed on the coordinate 
<^ plane emits incident light with angularly scanning 
^from two points (P1.P2) which are disposed away 
-^from each other on a reference line toward the 
^-reflection type position indicator. The light source 
t— portion includes sensors (131,132) and transmits an 
output signal when it receives light which passes 
reversely as a result of reflection on the position 
W indicator. The calculating portion calculates the an- 
Qgles (<J>1,$2) between the reference and the detected 
light beams. The coordinate designated by the posi- 
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tion indicator is calculated, in accordance with a 
principle of triangulation by using the thus obtained 
angles and the distance (L) between the two. points. 
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OPTICAL COORDINATE INPUT APPARATUS AND POSITION INDICATOR THEREOF 



The present invention relates to an optical co- 
ordinate input apparatus and a position indicator 
thereof capable of inputting information about 
manuscripts, figures, precise drawings, and the like 
to a host apparatus. More particularly, the present 
invention relates to an optical coordinate input ap- 
paratus and a position indicator thereof which can 
be optionally applied to a subject two-dimensional 
coordinate plane and in which a region to which 
coordinate input is indicated is substantially freed 
from restrictions. 

There have been a variety of so-called coordi- 
nate input apparatuses capable of inputting two 
dimensional coordinates, the apparatuses being for 
example of an electrostrictive type, an electromag- 
netic induction type, a pressure sensitive type, an 
electrostatic induction type, or the like. All of these 
apparatuses are basically arranged so as to have a 
coordinate indicating portion constituted by com- 
bining a tablet (or a keyboard) defining a two 
dimensional coordinate plane and a movable posi- 
tion indicating apparatus. The tablet and the posi- 
tion indicating apparatus communicate with each 
other by means of an electric, magnetic, or me- 
chanical signal so that the position on the two- 
dimensional coordinate plane of the position in- 
dicating apparatus is detected. Thus, the input co- 
ordinates are indicated. 

However, the above-described conventional co- 
ordinate input apparatus is constituted such that 
the tablet thereof is arranged to be an exclusive 
tablet of a special structure having predetermined 
dimensions, shape, and structure in accordance 
with the physical quantity to be used for the pur- 
pose of enabling the signal transmission/receipt to 
and from the position indicating apparatus. There- 
fore, there has been a paper size limit from the 
viewpoint of the manufacturing technology, the 
largest paper size being about AO size even if the 
electromagnet type apparatus, which is considered 
to be advantageous in accuracy and to be thereby 
suitable to larger sizes, is used. Furthermore, the 
plane region to which input of the coordinates can 
be provided has been necessarily limited by the 
area of the tablet. Therefore, input of graphics 
drawn over an optional area cannot be freely pro- 
vided regardless of whether the area is wide or 
narrow. 

The position indicator of the above-described 
conventional coordinate input apparatus has been 
always used in combination with a special tablet 
capable of transmitting and receiving a signal. 
Therefore, the conventional coordinate input ap- 
paratus cannot solely, that is, in a manner sepa- 
rated from the tablet, be applied to an optional two 



dimensional coordinate plane. Furthermore, since 
the dimensions of the plane of the exclusive tablet 
have been physically limited, the position indicator 
cannot be used for freely inputting two dimensional 

5 information in a wide range. 

A first object of the present invention is to 
provide a coordinate input apparatus freed from the 
conventional restriction of the tablet and thereby 
capable of being applied to a wide two dimensional 

10 coordinate plane. 

In order to achieve the first object, an optical 
coordinate input apparatus according to the present 
invention comprises: a reflection type position in- 
dicator capable of designating a coordinate to be 

75 input and movably disposed over a two dimen- 
sional coordinate plane having a given size so that 
incident light passing along an optical path which is 
directed toward a central axis of the position indica- 
tor is reflected, the reflected light being then 

20 passed reversely along the optical path; a light 
source portion disposed on the coordinate plane so 
as to emit incident light with angularly scanning the 
coordinate plane from two points disposed away 
from each other on a reference line and capable of 

25 receiving light which is passing reversely after it 
has been reflected by the position indicator when 
the incident light coincides with the optical path 
and a calculating portion capable of calculating 
angles between the optical paths connecting the 

30 two points to the central axis of the position indica- 
tor and the reference line and further calculating 
the coordinate designated by the position indicator 
by using the thus calculated angles and the dis- 
tance between the two points in accordance with a 

35 principle of triangulation. 

According to the present invention, the reflec- 
tion type position indicator is disposed on the two 
dimensional coordinate plane in order to designate 
the coordinate to be inputted. The light source 

AO portion disposed on this coordinate plane emits 
light beams from two points which are positioned 
away from each other on the reference line toward 
the reflection type position indicator, and the co- 
ordinate plane is angularly scanned simultaneously 

45 by said light beams. The incident light beam pass- 
ing along the optical path toward the central axis of 
the position indicator is reflected by this position 
indicator, causing the reflected light beam to prop- 
agate in the reverse direction. When the light 

so source portion receives the light beam propagating 
in the reverse direction, it transmits an output sig- 
nal. The arithmetic portion calculates the angles 
between the reference line and the optical paths 
connecting the above described two points and the 
central axis of the position indicator. The arithmetic 
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portion then uses the thus obtained angles and the 
distance between the two points so as to calculate 
the coorinates designated by the position indicator 
in accordance with the princip! eof triangulation. 

As described above, the coordinate input ap- 
paratus according to the present invention is ar- 
ranged to be operated on the basis of the incident 
and emitted light beam between the reflection type 
position indicator and the light source portion which 
are respectively positioned so as to hold a pre- 
determined relative positional relationship with re- 
spect to the two dimensional coordinate plane. 
Therefore, it is not necessary for the coordinate 
input apparatus to include a tablet having special 
dimensions and a special construction, as has been 
necessary in the conventional coordinate input ap- 
paratus. Therefore, the apparatus according to the 
present invention can be freed from the above- 
described restriction of the tablet, and can thereby 
be freely applied to any two dimensional coordi- 
nate plane. Furthermore, its sensitive input region 
is free from any restrictions. Therefore, a large size 
coordinate-input apparatus, for example, a coordi- 
nate input apparatus having a sensitive input region 
with a size of several meters square can be easily 
constituted. As a result, coordinate information of 
large sized precise drawings of actual dimensions, 
for example, actual dimensioned precise drawings 
concerning automobiles or large-sized machines 
can be precisely and immediately inputted to high- 
er apparatuses as well as the conventional small 
sized drawings. 

A second object of the present invention is to 
provide a coordinate input apparatus in which the 
distance between the two points disposed in the 
light source portion and positioned away from each 
other on the reference line can be adjusted in 
accordance with the area of the coordinate input 
region. 

In order to achieve the above-described sec- 
ond object, an optical coordinate input apparatus 
according the present invention is constituted such 
that the light source portion is mounted on the 
coordinate plane and includes a pair of light source 
units capable of emitting light in a manner to an- 
gularly scan the coordinate plane from two points 
disposed away from each other on a reference line 
and capable of receiving light which is propagating 
reversely after the light has been reflected by the 
position indicator when the incident light beams 
coincide with the straight lines connecting the posi- 
tion indicator with each of said points, the light 
source position being so arranged that the pair of 
light source units are movable along the reference 
line so that the distance between the two points is 
adjusted so as to correspond to the size of the 
coordinate plane. 

According to the thus constituted coordinate 



input apparatus, the pair of light source units in the 
light source portion are relatively moved to each 
other along the reference line in accordance with 
the area of the coordinate input region. As a result, 

5 an extremely excellent optical coordinate input ap- 
paratus in terms of various usage can be provided 
since coordinates can be input to any arbitrarity 
sized coordinate input regions. 

A third object of the present invention is to 

10 provide an optical coordinate input apparatus ca- 
pable of reducing the intervals between the detec- 
tions of the coordinates. 

In order to achieve the above-described thjrd 
object, the light source portion emits incident light 

15 with angularly scanning along the coordinate plane 
from two points disposed away from each other on 
a reference line and receives light .which propa- 
gates reversely after the light has been reflected 
by the position indicator when the incident light 

20 beams coincide with the straight lines connecting 
the position indicator with each of said two points, 
and transmits an output signal. As a result, the 
interval between detections of the coordinates can 
be reduced so that the input of the coordinates can 

25 be quickly conducted. 

A fourth object of the present invention is to 
provide an optical coordinate input apparatus ca- 
pable of adjusting the calculation timing of the 
coordinate by a users operation. 

30 in order to achieve the above-described fourth 
object, an optical coordinate input apparatus ac- 
cording the present invention is structured such 
that the position indicator is provided with a coordi- 
nate calculation instruction signal generating circuit 

35 capable of generating a signal for commanding a 
calculation of the coordinates, and the coordinate 
calculation means is arranged to calculate the co- 
ordinate in accordance with an output signal from 
the coordinate calculation instruction signal gen- 

40 erating circuit. As a result, the timing of the input at 
the coordinates can be controlled by an operation 
through the position Indicator. 

A fifth object of the present invention is to 
provide a reflection type position indicator which is 

45 freed from the restriction of the tablet in principle 
and is thereby capable of being freely applied to 
any two dimensional coordinate planes, the appara- 
tus having a sensitive coordinate input region freed 
from any substantial restriction. 

so In order to achieve the above-described fifth 

object, the position indicator according to the 
present invention is structured as to have a mirror 
portion whose mirror surfaces are formed at posi- 
tions which are in parallel to a two dimensional 

55 coordinate plane, that is, plane XY at the same 
distance from a central axis and are present on the 
same plane which is parallel to the plane XY, the 
position indicator being able to move over the 
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plane XY. As described above, since the position 
indicator according to the present invention has an 
optical reflection type structure, the coordinate of 
the position on the two dimensional coordinate 
plane designated by the position indicator can be 
detected in accordance with the principle of trian- 
gulation. Therefore, the position indicator according 
to the present invention can be freed from the 
tablet so that it can be freely applied to a two 
dimensional coordinate plane. As a result, any re- 
striction in the coordinate input region can be elimi- 
nated. 

A sixth object of the present invention is to 
provide a position indicator having a function of 
selectively reflecting an incident light beam passing 
toward the central axis which represents the posi- 
tion of the position indicator so as to return the 
reflected light beam to the light source of the 
incident light. The position indicator also has a 
function in the case where continuous inputs of 
coordinates are conducted by continuously and 
manually moving the position indicator (a cursor) 
on the plane, the function being such that reflected 
light beam is kept to coincide with the incident light 
beam even if the position indicator is inclined with 
respect to the coordinate plane during the move- 
ment. 

In order to achieve the above-described sixth 
object, the position indicator according to the 
present invention has an annular lens member. The 
annular lens member is made of an optical material 
in the form of an annular shape having a concentric 
inner surface and an outer surface, in which the 
inner surface is formed so as to make the cross 
sectional shape thereof in parallel to a concentric 
axis on a cross section cut by a plane including the 
concentric axis and the outer surface is formed so 
as to make the cross sectional shape thereof 
curved outward with a predetermined curvature 
whereby a lens having its optical axis in the radial 
direction of the annular shape is achieved, the lens 
having its focal point on the inner surface. A reflec- 
tion layer is disposed on the inner surface of the 
annular lens member and capable of reflecting light 
which has been made incident upon along a plane 
including the concentric axis and the radial optical 
axis, the light being reflected in parallel to the 
incident light. As a result, the incident light beams 
passing toward the central axis of the position 
indicator can be selectively reflected, and the re- 
flected light beam can be returned to the light 
source of the incident light. Furthermore, when the 
position indicator is continuously and manually 
moved on the plane for conducting a continuously 
inputting of coordinates, if the position indicator is 
inclined with respect to the coordinate plane during 
the movement, the reflected light beam can be 
kept within the optical paths of incident light 



beams. 

These and further objects and features of the 
invention will appear more fully form the following 
description. 

5 Fig. 1(a) is a perspective external view which 

illustrates a first embodiment; 

Fig. 1(b) is a view which illustrates the ar- 
rangement of an optical system for use in the first 
embodiment; 

10 Fig. 2 is a perspective view which illustrates 

a position indicator for use in the first embodiment; 

Fig. 3 is a block diagram of an electric 
circuit for use in the first embodiment; 

Fig. 4 is a flow chart of a program for use in 
75 the first embodiment; 

Fig. 5 is a view which illustrates the arrange- 
ment of an optical system for use in a second 
embodiment; 

Fig. 6(a) is a perspective view which illus- 
20 trates the position indicator according to the sec- 
ond embodiment; 

Figs. 6(b) and 6(c) are views which illustrate 
a mirror portion of the position indicator; 

Fig. 7 is a block diagram of an electric 
25 circuit for use in the second embodiment; 

Fig. 8(a) is a view which illustrates a first 
detection data format for use in the second em- 
bodiment; 

Fig. 8(b) is a view which illustrates a second 
30 detection data format for use in the second em- 
bodiment; 

Figs, 9(a) and 9(b) are flow charts of a 
program for use in the second embodiment; 

Fig. 10 is a view which illustrates the ar- 
35 rangement of an optical system for use in a third 
embodiment; 

Fig. 11(a) is a perspective view which illus- 
trates the position indicator according to the third 
embodiment; 

40 Fig. 11(b) and 11(c) are views which illus- 

trate the mirror portion of the position indicator; 

Fig. 12 is a block diagram of the electric 
circuit for use in the third embodiment; 

Figs. 13(a) and 13(b) are schematic views 
45 which illustrate a coordinate input apparatus ac- 
cording to a fourth embodiment; 

Fig. 14 is a front elevational view which 
illustrates a light source portion of the coordinate 
input apparatus; 
so Fig. 15(a) is a plan view which illustrates 

another embodiment of a reflection type position 
indicator; 

Fig. 15(b) is a cross sectional view which 
illustrates the reflection type position indicator; and 
55 Fig. 15(c) is a view which illustrates the 

operation of the reflection type position indicator. 

Fig. 1(a) is a perspective external view which 
illustrates a first embodiment of the present inven- 
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tion, and Fig. 1(b) is a view which illustrates the 
arrangement of an optical system for use in the 
first embodiment. Referring to the drawings, refer- 
ence numeral 100 represents an optical source 
portion accommodating portion, 101 represents a 
light source portion consisting of a pair of light 
source units 102 and 103. Reference numeral 104 
represents an input panel, 105 represents a coordi- 
nate input region, 106 represents a support frame 
for the input panel 104. Reference numeral 110 
represents a reflection type position indicator (or a 
cursor), 121 and 122 represent lasers, 123 and 124 
represent half mirrors, 125 and 126 represent first 
and second rotary mirrors, and 127 and 128 repre- 
sent first and second photosensors. 

As shown in Fig. 2, the position indicator 110 is 
constituted in such a manner that a cylindrical 
mirror portion 112 is disposed on one side surface 
of a box-like main body 1 1 1 , the bottom portion of 
the main body 111 and the same of the mirror 
portion 112 being arranged such that they can be 
held in parallel to a two dimensional coordinate 
plane, that is, plane XY. A mirror formed on the 
outer surface of the mirror portion 112 is arranged 
to be perpendicular to the bottom surface of the 
mirror portion 112. A transparent display plate 
(omitted from illustration) made of synthetic resin is 
attached to the above-described bottom surface of 
the mirror portion 112. A hair-cross mark showing 
the center of the mirror portion 112 is provided on 
the above-described display plate. Thus, the co- 
ordinate input position can be designated by mov- 
ing the position indicator 110 over the above-de- 
scribed plane XY. 

Each of the lasers 121 and 122 comprises a 
semiconductor laser so as to provide a laser beam, 
which is emitted from the laser 121, made incident 
upon a rotational axis of a first rotary mirror 125 in 
parallel to the plane XY via the half mirror 123 
disposed on X-axis, the first rotary mirror 125 being 
disposed at the origin of the XY plane. On the other 
hand, the laser beam emitted from the laser 122 is 
made incident upon the rotational axis of a second 
rotary mirror 126 in parallel to the plane XY via the 
half mirror 124 disposed on X-axis, the second 
rotary mirror 126 being disposed on the X-axis at a 
predetermined distance L, for example, 5 m, kept 
from the first rotary mirror 125. Each of the first 
and second photosensors 127 and 128 comprises 
an NPN-phototransistor whose collector is connect- 
ed to a D.C. power source. The first photosensor 
127 is positioned so as to be capable of detecting, 
via the half mirror 123, the laser beam which is 
reflected by the first rotary mirror 125 in the same 
direction as that of the light beam made incident 
upon the first rotary mirror 125, the laser beam 
thus detected being the laser beam emitted from 
the laser 121. The second photosensor 128 is 



positioned so as to be capable of detecting, via the 
half mirror 124, the laser beam which is reflected 
by the second rotary mirror 126 in the same direc- 
tion as that of the light beam made incident upon 
s the second rotary mirror 126, the laser beam thus 
detected being the laser beam emitted from the 
laser 122. Specific points Pi and P 2 on the respec- 
tive rotational axes of the rotary mirrors 125 and 

126 are positioned on the same reference line 
w which is in parallel to X-axis on the coordinate 

plane, the specific points Pi and P2 being posi- 
tioned away from each other. 

Thus, the first light source unit 102 is con- 
stituted by the laser 121, the half mirror 123, the 

75 rotary mirror 125. the photosensor I27, hand a drive 
portion 131 to be described later. The second light 
source unit 103 is constituted by the laser 122, the 
half mirror 124, the rotary mirror 126. the photosen- 
sor 128, and a drive portion 132. 

20 Fig. 3 is a block diagram which illustrates the 
electric circuit for use in the first embodiment. 
Referring to the drawing, reference numeral 131 
represents a first rotary mirror drive portion ca- 
pable of rotating the first rotary mirror shown in Fig. 

25 1 counterclockwise at uniform angular velocity «>. 
The first rotary mirror drive portion 131 is also 
capable of transmitting pulse signal A of logic "1" 
having a predetermined pulse width T PW when the 
normal line of the surface of the first rotary mirror 

30 125 agrees with the path at the incident light beam 
emitted from the laser 121. The pulse width T PW of 
the pulse signal A is arranged to be shorter than 
time Tf which it takes the first rotary mirror 125 to 
complete one rotation. Reference numeral 132 re- 

35 presents a second rotary mirror drive portion ca- 
pable of rotating the second rotary mirror 126 
shown in Fig. 1 clockwise at uniform angular ve- 
locity <u. The second rotary mirror drive portion 132 
is also capable of transmitting a pulse signal B of 

40 logic "1" having a predetermined pulse width T PW 
when the normal line of the surface of the second 
rotary mirror 126 agrees with the path of the in- 
cident light beam emitted from the laser 122 . The 
pulse width T PW of the pulse signal B is arranged 

45 to be shorter than time Tf which it takes the second 
rotary mirror 126 to complete one rotation. 

Reference numerals 141 and 142 represent 
level detection circuits which are similar to each 
other and each of which is constituted by resistors 

50 and operation amplifiers. The level detection circuit 
141 is capable of converting a photoelectric current 
transmitted from the emitter of the first photosensor 

127 into voltage. Furthermore, the level detection 
circuit 141 causes its output signal to be logic "1" 

55 when the thus converted voltage reaches a pre- 
determined reference level. The level detection cir- 
cuit 142 is capable of converting a photoelectric 
current transmitted from the emitter of the second 
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photosensor 128 into voltage. Furthermore, the lev- 
el detection circuit 142 causes its output signal to 
be logic "1" when the thus converted voltage 
reaches a predetermined reference level. 

Reference numeral 143 represents a clock sig- 
nal generating circuit capable of transmitting clock 
signal CK of predetermined period T ck . 

Reference numerals 144 to 147 represent 
pulse shaping circuits each of which is constituted 
by a flip-flop and a logical circuit and capable of 
transmitting a pulse signal having the width of one 
clock pulse when it detects that the input signal 
has been changed from logic "0" to logic "1 ". The 
pulse shaping circuit 144 receives the output signal 
A from the first rotary mirror drive portion 131 and 
the clock signal CK and transmits signal C. The 
pulse shaping circuit 145 receives the output signal 
from the level detection circuit 141 and the clock 
signal CK and transmits signal E. The pulse shap- 
ing circuit 146 receives the output signal B from 
the second rotary mirror drive portion 132 and the 
clock signal CK and transmits signal D. The pulse 
shaping circuit 147 receives the output signal from 
the level detection circuit 142 and the clock signal 
CK and transmits signal F. 

Reference numerals 148 and 149 represent 
counters each of which counts freely in response to 
the clock signal CK. The counter 148 is arranged to 
be reset by the pulse signal C transmitted from the 
pulse shaping circuit 144, while the counter 149 is 
arranged to be reset by the pulse signal D trans- 
mitted from the pulse shaping circuit 146. 

Reference numeral 150 represents an interrup- 
tion signal generating circuit constituted by a flip- 
flop and a logical circuit and capable of receiving 
the output signals E and F from the pulse shaping 
circuits 145 and 147 and the clock signal CK. The 
interruption signal generating circuit 150 is further 
capable of transmitting interruption signal INT to a 
CPU 155 to be described later after it has caused 
the interruption signal INT to be logic "1" on con- 
dition that either the pulse signal E or F is inputted 
and then the other pulse signal is inputted or 
condition that both the pulse signals are inputted. 
In addition, the interruption signal generating circuit 
150 causes the interruption signal INT to be logic 
"0" under condition that pulse reset signal R of 
logic "1" is inputted thereto from the CPU 155. 

Reference numerals 151 and 152 represent 
registers, the input of the register 151 being con- 
nected to the output of the counter 148 so as to 
latch output data from the counter 148 at the front 
portion of the pulse signal E transmitted from the 
pulse shaping circuit 145. The input of the register 
152 is connected to the output of the counter 149 
so as to latch output data from the counter 149 at 
the front portion of the pulse signal F transmitted 
from the pulse shaping circuit 146. Reference nu- 



merals 153 and 154 represent tri-state output regis- 
ters, the input of the register 153 being connected 
to the output of the register 151 so as to latch 
output data from the register 151 when the in- 
5 terruption signal INT is changed from logic "0" to 
logic "1". On the other hand, the input of the 
register 154 is connected to the output of the 
register 152 so as to latch output data from the 
register 152 when the interruption signal INT is 

70 changed from logic "O" to logic "1 

Reference numeral 155 represents a CPU con- 
nected to the outputs of the registers 153 and 154 
via a data bus DB and capable of receiving data 
registered in the registers 153 and 154 when the 

75 interruption signal INT becomes logic "1". The 
CPU 155 is furthermore capable of transmitting 
pulse reset signal R of logic "1" to output port Pi 
after inputting data. 

The above-described angle detection means 

20 comprises first and second rotary mirror drive por- 
tions 131 and 132, the clock signal generating 
circuit 143, the pulse shaping circuits 144 and 146, 
and the counters 148 and 149. A coordinate 
arithmetic means, that is, a calculating portion com- 

25 prises the level detection circuits 141 and 142, the 
clock signal generating circuit 143. the pulse shap- 
ing circuits 145 and 147, the interruption signal 
generating circuit 150, the registers 151 to 154, the 
CPU 155, and a program, to be described later, 

30 capable of operating the CPU 155. 

The operation of the first embodiment thus 
constituted will be described in accordance with a 
flow chart of the program shown in Fig. 4. 

Description will be made assuming as an ex- 

35 ample that the coordinates of the position of point 
Po are inputted on XY plane as shown in Fig. 1 by 
the above-described position indicator 110 which 
has been moved over the XY plane so as to cause 
the center of the mirror portion 1 12 to coincide with 

40 point Po. 

After the laser beam emitted from the laser 121 
has been made incident upon the first rotary mirror 
125 at incident angle 61 via the half mirror 123, the 
reflected light beam is capable of passing from the 

45 specific point P1 of the rotary mirror 125 toward 
the center of the mirror portion 112 of the position 
indicator 110. The laser beam reflected by the 
mirror portion 112 is made incident upon the first 
photosensor 127 via the first rotary mirror 125 and 

so the half mirror 123. At this time, the photoelectric 
current transmitted from the first photosensor 127 
increases so that the output signal from the level 
detection circuit 141 becomes logic "1". As a re- 
sult, the pulse signal E is transmitted from the 

55 pulse shaping circuit 145. After the laser beam 
emitted from the laser 122 has been made incident 
upon the second rotary mirror 126 at incident angle 
62 via the half mirror 124, the reflected light beam 
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is capable of passing from the specific point P 2 of 
the rotary mirror 126 toward the center of the 
mirror portion 112. The laser beam reflected by the 
mirror portion 112 is made incident upon the sec- 
ond photosensor 128 via the second rotary mirror 
126 and the half mirror 124. At this time, the 
photoelectric current transmitted from the second 
photosensor 128 increases so that the output signal 
from the level detection circuit 142 becomes logic 
"1". As a result, the pulse signal F is transmitted 
from the pulse shaping circuit 147. 

Output data from the counter 148 are caused 
to be latched in the register 151 by the pulse 
signal E so as to be registered therein as angular 
data D1 representing the incident angle $1 upon 
the first rotary mirror 125. On the other hand, 
output data from the counter 149 is caused to be 
latched in the register 152 by the pulse signal F so 
as to be registered therein as angular data D2 
representing the incident angle 02 upon the second 
rotary mirror 126. Angular data D1 and 02 are 
latched in the registers 153 and 154 by the in- 
terruption signal INT. 

The CPU 1 55 always supervises whether or not 
the interruption signal INT is "1" (in step S1, the 
term "step" will be omitted hereinafter). When the 
interruption signal INT becomes logic "1", the CPU 
155 receivess the angular data D1 from the register 
153 via the data bus (S2) and also receivess the 
angular data D2 from the register 154 (S3). Then, 
the CPU 155 transmits a signal of logic "1" to the 
output port P1 for a predetermined time period 
(S4), and determines whether or not the angular 
data D1 is 0 (S5). If it is determined that the 
angular data D1 is 0, the flow returns to S1. If it is 
determined that the angular data D1 Is not 0, the 
CPU 155 determines whether or not the angular 
data D2 is 0 (S6). If it is determined that the 
angular data D2 is 0, the flow returns to 31. If it is 
determined that the angular data D2 is not 0, 
incident angle 01 of the laser beam on the first 
rotary mirror 125 and incident angle 02 on the 
second rotary mirror 126 are calculated by using 
the angular data D1 and D2 from the following 
equations (S7). 

61 = 2tt • Tck • D1/Tf (radian) (1) 
01 = 2ir • Tck • D2/Tf (radian) (2) 
where symbol Tck represents the period of the 
clock signal CK, Tf represents the time it takes the 
first and second rotary mirrors 125 and 126 to 
complete one rotation, these factors being pre- 
viously stored as constants. 

Then, the angles $1 and <J>2 between the in- 
cident light and reflected light on the first and 
second rotary mirrors 125 and 126 are obtained by 
doubling the incident angles 01 and 62 (S8). 
$1 = 2 • 01 (3) 
4>2 = 2 • 02 (4) 



Then, X-coordinate and Y-coordinate of the 
point Po is obtained by using the following equation 
(S9). - 

s x = L • tan <f>2/(tan *1 + tan 4>2) (5) 

y = L • tan £1 * tan <£2/(tan £1 + tan $2) (6) 
where symbol L represents the distance between 
the first rotary mirror 125 and the second rotary 
mirror 126, the distance being previously stored in 

w the program. 

After the x-coordinate and y-coordinate have 
been obtained, the flow returns to S1. 

Although two lasers capable of emitting laser 
beams are used in this embodiment, a structure 

75 may be employed as an alternative to this in which 
one laser is used, the laser beam emitted there- 
from being arranged to be made incident upon the 
first and second rotary mirrors 125 and 126 by 
using a half mirror a full sized mirror. 

20 According to the first embodiment, although 
rotary mirrors each of which has a mirror surface 
are employed as the first and second rotary mirrors 
125 and 126, rotary mirrors each of which has a 
plurality of mirror surfaces may be employed. In 

25 this case, more accurate coordinates can be ob- 
tained since the intervals of the detections of the 
coordinates can be reduced by conducting calcula- 
tions arranged to correspond to the polygon mir- 
rors. 

30 The second embodiment of the present inven- 
tion will be described. 

Fig. 5 is a view which illustrates the arrange- 
ment of an optical system for use in the second 
embodiment. Referring to the drawing, reference 

35 numeral 110 represents a position indicator, 211 to 
218 represent lasers, 221 to 228 represent half 
mirrors, 231 to 238 represent photosensors which 
comprise NPN-phototransistors whose collectors 
are connected to a D.C. power source. Reference 

40 numerals 241 and 242 represent first and second 
rotary mirrors each of which has a mirror surface. 

As shown in Fig. 6(a), the position indicator is 
constituted in such a manner that a mirror portion 
113 Is formed on one side surface of a box-like 

45 main body 111. The bottom surface of the main 
body 111 and the same of the mirror portion 113 
are arranged to be capable of being retained in 
parallel to the plane XY. A display plate (omitted 
from illustration) made of transparent synthetic res- 

50 in is attached to the bottom surface of the mirror 
portion 113, in which a hair cross mark showing the 
center of the mirror portion 113 is written. As 
shown in Figs. 6(b) and 6(c), the side external 
mirror of the mirror portion 113 is outward curved 

55 at the central portion thereof. As a result, even if 
the laser beam made incident upon the mirror 
portion 113 is not perpendicular to the center axis 
of the hair cross mark, a portion of the laser beams 
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passing through the center axis of the hair cross 
mark can be reflected into the path of incident 
light. 

The first rotary mirror 241 is designed such 
that the rotational axis thereof is positioned at the 
origin of the plane XY and is perpendicular to this 
XY plane. The second rotary mirror 242 is posi- 
tioned on the X-axis and away from the first rotary 
mirror 241 by a predetermined distance L, for 
example 5 m, the rotational second rotary mirror 
242 having its rotational axis perpendicular to the 
XY plane. 

The half mirror 221 is disposed on the X-axis 
between the first rotary mirror 241 and the second 
rotary mirror 242 so as to reflect the laser beam 
from the laser 211 and to cause it to be incident 
upon the first rotary mirror 241 in parallel to the XY 
plane The half mirror 222 is disposed at a position 
which is clockwise turned by 90 degrees from the 
position of the half mirror 221 relative to the rota- 
tional axis of the first rotary mirror 241 so as reflect 
the laser beam from the laser 212 and to cause it 
to be incident upon the first rotary mirror 241 in 
parallel to the XY plane. The half mirror 223 is 
disposed at a position which is clockwise turned by 
180 degrees from the position of the half mirror 
221 relative to the rotational axis of the first rotary 
mirror 241 so as reflect the laser beam from the 
laser 213 and to cause it to be incident upon the 
first rotary mirror 241 in parallel to the XY plane. 
The half mirror 224 is disposed at a position which 
is clockwise turned by 270 degrees from the posi- 
tion of the half mirror 221 relative to the rotational 
axis of the first rotary mirror 241 so as reflect the 
laser beam from the laser 21 4 and to cause it to be 
incident upon the first rotary mirror 241 in parallel 
to the XY plane. The half mirror 225 is disposed on 
the X-axis between the half mirror 221 and the 
second rotary mirror 242 so as to reflect the laser 
beam from the laser 215 and to cause it to be 
incident upon the second rotary mirror 242 in par- 
allel to the XY plane. The half mirror 226 disposed 
at a position which is counterclockwise turned by 
90 degrees from the position of the half mirror 225 
relative to the rotational axis of the second rotary 
mirror 242 so as reflect the laser beam from the 
laser 216 and to cause it to be incident upon the 
second rotary mirror 242 in parallel to the XY 
plane. The half mirror 227 is disposed at a position 
which is counterclockwise turned by 180 degrees 
from the position of the half mirror 225 relative to 
the rotational axis of the second rotary mirror 242 
so as reflect the laser beam from the light source 
217 and to cause it to be incident upon the second 
rotary mirror 242 in parallel to the XY plane. The 
half mirror 228 is disposed at a position which is 
counterclockwise turned by 270 degrees from the 
position of the half mirror 225 relative to the rota- 



tional axis of the second rotary mirror 242 so as 
reflect the laser beam from the laser 218 and to 
cause it to be incident upon the second rotary 
mirror 242 in parallel to the XY plane. 
5 The photosensor 231 is disposed at a position 

at which laser beam emitted from the laser 21 1 and 
reflected by the first rotary mirror 241 at an in- 
cident angle of zero degree can be detected via 
the half mirror 221. 
70 The photosensor 232 is disposed at a position 
at which laser beam emitted from the laser 212 and 
reflected by the first rotary mirror 241 at an in- 
cident angle of zero degree can be detected via 
the half mirror 222. The photosensor 233 is dis- 
/5 posed at a position at which laser beam emitted 
from the laser 213 and reflected by the first rotary 
mirror 241 at an incident angle of zero degree can 
be detected via the half mirror 223. The photosen- 
sor 234 is disposed at a position at which laser 
20 beam emitted from the laser 214 and reflected by 
the first rotary mirror 241 at an incident angle of 
zero degree can be detected via the half mirror 
224. The photosensor 235 is disposed at a position 
at which laser beam emitted from the laser 215 and 
25 reflected by the first rotary mirror 241 at an in- 
cident angle of zero degree can be detected via 
the half mirror 225. The photosensor 236 is dis- 
posed at a position at which laser beam emitted 
from the laser 216 and reflected by the first rotary 
30 mirror 241 at an incident angle of zero degree can 
be detected via the half mirror 226. The photosen- 
sor 237 is disposed at a position at which laser 
beam emitted from the laser 217 and reflected by 
the first rotary mirror 241 at an incident angle of 
35 zero degree can be detected via the half mirror 
227. The photosensor 238 is disposed at a position 
at which laser beam emitted from the laser 218 and 
reflected by the first rotary mirror 241 at an in- 
cident angle of zero degree can be detected via 
40 the half mirror 228. 

Fig. 7 is a block diagram of an electric circuit 
for use in the second embodiment. Referring to 
Fig. 7, reference numeral 243 represents a first 
rotary mirror drive portion capable of counterclock- 
45 wise rotating the first rotary mirror 241 shown in 
Fig. 5 at uniform angular velocity a. The first rotary 
mirror drive portion 243 is also capable of transmit- 
ting pulse signal a of logic "1" having a predeter- 
mined pulse width*T PW when the normal line of the 
50 surface of the first rotary mirror 125 agrees with the 
path of the incident light beam emitted from the 
laser 21 1 , the condition when they agree with each 
other being arranged to be the reference position. 
The pulse width T PW of the pulse signal a is ar- 
55 ranged to be shorter than time Tf which it takes the 
first rotary mirror 241 to complete one rotation. 
Reference numeral 244 represents a second rotary 
mirror drive portion capable of rotating the second 
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rotary mirror 242 shown in Fig. 5 clockwise at 
uniform angular velocity <a. The second rotary mir- 
ror drive portion 244 is also capable of transmitting 
pulse signal b of logic "1" having a predetermined 
pulse width T PW when the normal line of the sur- 
face of the second rotary mirror 242 agrees with 
the path of the incident light beam emitted from the 
laser 215, the condition when they agree with each 
other being arranged to be the reference position. 
The pulse width T PW of the pulse signal b is 
arranged to be shorter than time Tf which it takes 
the second rotary mirror 242 to complete one rota- 
tion. 

Reference numeral 250 represents a clock sig- 
nal generating circuit capable of transmitting clock 
signal CK having a predetermined period T ck . 

Reference numerals 251 to 258 represent level 
detection circuits each of which is constituted by 
resistors and operation amplifiers. The level detec- 
tion circuits 251 to 258 are capable of converting a 
photoelectric current transmitted from the emitter of 
the photosensors 231 to 238 into voltage. Further- 
more, the level detection circuits 251 to 258 cause 
their output signals to be logic "1" when the thus 
converted voltage reaches a predetermined refer- 
ence level. 

Reference numerals 260 to 269 represent 
pulse shaping circuits each of which is similarly 
constituted by a flip-flop and a logical circuit and 
capable receiving the clock signal CK, detecting 
that the input signal has been changed from logic 
"0" to logic "1", and transmitting a pulse signal 
having the width of one clock pulse. The input of 
the pulse shaping circuit 260 is connected to the 
output of the first rotary mirror drive portion 243. 
The inputs of the pulse shaping circuits 261 to 264 
are connected to the outputs of the level detection 
circuits 251 to 254. The input of the pulse shaping 
circuit 265 is connected to the output of the second 
rotary mirror drive portion 244. The inputs of the 
pulse shaping circuits 266 to 269 are connected to 
the outputs of the level detection circuits 255 to 
258. 

Reference numerals 270 and 271 represent OR 
circuits each of which has four inputs, the four 
inputs of the OR circuit 270 being connected to the 
outputs of the pulse shaping circuits 261 to 264. 
On the other hand, the four inputs of the OR circuit 
271 are connected to the outputs of the pulse 
shaping circuits 266 to 269. 

Reference numerals 272 and 273 represent 
counters each of which is arranged to be capable 
of conducting counting freely in response to the 
clock signal CK. The counter 272 is arranged to be 
reset in response to the pulse signal C transmitted 
from the pulse shaping circuit 260. The counter 
273 is arranged to be reset in response to the 
pulse signal d transmitted from the pulse shaping 



circuit 265. 

Reference numerals 274 and 275 represent 
delay circuits each of which is similarly constituted 
by a flip-flop and a logical circuit. The delay circuit 
5 247 receives the output signal from the OR circuit 

270 and the clock signal CK. and transmits the 
output signal from the OR circuit 270 delayed by 
one clock. The delay circuit 275 receivess the 
output signal from the OR circuit 271 and the clock 

10 signal CK, and transmits the output signal from the 
OR circuit 271 delayed by one clock. 

Reference numeral 276 represents an interrup- 
tion signal generating circuit constituted by a flip- 
flop and a logical circuit and capable of receiving 

15 the output signals from the delay circuits 274 and 
275 and the clock signal CK. The interruption sig- 
nal generating circuit 276 is further capable of 
transmitting interruption signal INT to a CPU 290 to 
be described later after it has caused the interrup- 

20 tion signal INT to be logic "1" on condition that 
either of the pulse signals from the delay circuits 
274 or 275 is inputted and then the other pulse 
signal is inputted or condition that both the pulse 
signals are inputted. In addition, the interruption 

25 signal generating circuit 276 causes the interruption 
signal INT to be logic "0" under condition that 
pulse reset signal R of logic "1 n is inputted thereto 
from the CPU 290. 

Reference numerals 281 and 282 represent 

30 registers, the input of the register 281 being con- 
nected to the output of the counter 272 so as to 
latch output data from the counter 272 as first 
angular data DA1 in response to the pulse signal 
transmitted from the OR circuit 270. The outputs of 

35 the pulse shaping circuits 261 to 264 are con- 
nected to the lower 4 bits of the input of the 
register 282 so as to be registered as first detec- 
tion data DA2 in response to the pulse signal 
transmitted from the delay circuit 274. That is, the 

40 output of the pulse shaping circuit 261 is con- 
nected to input LSB of the register 282, the output 
of the pulse shaping circuit 262 is connected to 
• input 2LSB, the output of the pulse shaping circuit 
263 is connected to input 3LSB, and the output of 

45 the pulse shaping circuit 264 is connected to input 
4LSB. The input of the register 283 is connected to 
the output of the counter 273 so that output data 
from the counter 273 is registered as second an- 
gular data DB1 in the register 283 in response to 

so the pulse signal transmitted from the OR circuit 

271 The outputs of the pulse shaping circuits 266 
to 269 are connected to the lower 4 bits of the 
input of the register 284 so as to be registered as 
second detection data DB2 in response to the 

55 pulse signal transmitted from the delay circuit 275. 
That is, the output of the pulse shaping circuit 266 
is connected to input LSB of the register 284, the 
output of the pulse shaping circuit 267 is con- 
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nected to input 2LSB, the output of the pulse 
shaping circuit 268 is connected to input 3LSB, 
and the output of the pulse shaping circuit 268 is 
connected to input 4LSB. The registers 285 to 288 
are tri-state output type registers having the inputs 
connected to the outputs of the registers 281 to 
284 so that output data from the registers 281 to 
284 are latched by the registers 285 to 288 when 
the interruption signal is changed from logic "0" to 
logic "1". 

Reference numeral 290 represents a CPU con- 
nected to the outputs of the registers 285 to 288 
via a data bus DB so as to input data registered in 
the registers 285 to 288 when the interruption sig- 
nal INT becomes logic "1". After data has been 
inputted, the CPU 290 transmits pulse reset signal 
R of logic "1 " to the output port P1 . 

Figs. 8(a) and 8(b) are views which illustrate 
formats of the first and second detection data DA2 
and DB2. Referring to the drawings, the fact that bit 
A1 is logic "1" indicates that reflected light is 
detected by the photosensor 231, the fact that bit 
A2 is logic "1" indicates that reflected light is 
detected by the photosensor 232, the fact that bit 
A3 is logic "1" indicates that reflected light is 
detected by the photosensor 233, and the fact that 
bit A4 is logic n 1" indicates that reflected light is 
detected by the photosensor 234. Furthermore, the 
fact that bit B1 is logic "1 ■ indicates that reflected 
light is detected by the photosensor 235, the fact 
that bit B2 is logic "1 " indicates that reflected light 
is detected by the photosensor 236, the fact that 
bit B3 is logic "1" indicates that reflected light is 
detected by the photosensor 237, and the fact that 
bit B4 is logic "1 " indicates that reflected light is 
detected by the photosensor 238. 

The above-described angle detection means 
comprises the first and second rotary mirror drive 
portions 243 and 244, the clock signal generating 
circuit 250, the pulse shaping circuits 260 and 265, 
and the counters 272 and 273. The coordinate 
arithmetic means comprises the clock signal gen- 
erating circuit 250, the level detection circuits 251 
to 258, the pulse shaping circuits 261 to 264 and 
266 to 269, the OR circuits 270 and 271, the delay 
circuit 274 and 275, the interruption signal generat- 
ing circuit 276, the registers 281 to 288, the CPU 
290, and a program, to be described later, capable 
of operating the CPU 290. 

The other structure is the same as that of the 
above-described embodiment. 

Then, the operation of the second embodiment 
thus structured will be described with reference to 
a flow chart for the program shown in Fig. 9. 

Description will be made considering a case in 
which the position of point Po is inputted on the 
plane XY. The position indicator is moved over the 
plane XY so as to position the center of the hair 



cross mark of the mirror portion 1 13 at point Po. 

After the laser beam emitted from any of the 
lasers 211 to 214 has passed toward the central 
axis of the hair cross mark of the mirror portion 1 1 3 

5 of the position indicator 1 10 via specific point Pi of 
the first rotary mirror 241 , the laser beam reflected 
by the mirror portion 113 is made incident upon 
the photosensor which corresponds to the laser via 
the first rotary mirror 241. At this time, the pho- 

70 toelectric current transmitted from the correspond- 
ing photosensor increases, causing the output sig- 
nal from the level detection circuit which corre- 
sponds to this photosensor to become logic "1". 
As a result, a pulse signal is transmitted from the 

75 pulse shaping circuit which corresponds to this 
level detection circuit. In response to the pulse 
signal thus transmitted, first angular data DA1 from 
the counter 272 and representing the angle 01 of 
the normal line of the first rotary mirror 241 with 

20 respect to the above-described reference position 
is latched by the register 281. Furthermore, the first 
detection data DA2, determining which one of the 
photosensor 231 to 234 has detected reflected 
light, is latched by the register 282. 

25 After the laser beam emitted from any of the 
lasers 215 to 218 has passed toward the central 
axis of the mirror portion 1 1 3 of the position indica- 
tor 110 via specific point P2 of the second rotary 
mirror 242, the light beam reflected by the mirror 

30 portion 113 is made incident upon the photosensor 
which corresponds to this via the second rotary 
mirror 242. As a result, the second angular data 
DB1 from the counter 273 and representing the 
angle of the normal line of the second rotary mirror 
35 242 with respect to the above-described reference 
position is, similarly to the description above, 
latched by the register 283 Furthermore, the sec- 
ond angular data DB2 is latched by the register 
284. 

40 When the first and second angular data DA1 
and DB1 and the first and second detection data 
DA2 and DB2 are latched by the registers 281 to 
284, the interruption signal INT becomes logic "1 " 
and the fist and second angular data DA1 and DB1 

45 and the first and second detection data DA2 and 
DB2 are registered by the registers 285 and 288. 
As a result, data are protected against being up- 
dated before or during the reading of data per- 
formed by the CPU 290. 

so The CPU 290 always supervises whether or not 
the interruption signal INT is logic "1" (SP1). When 
the interruption signal INT becomes logic "1" 
(SP2), the CPU 290 receivess the first angular data 
DA1 and the second detection data DA2 from the 

55 registers 285 and 286 via the data bus DB (SP2), 
and receivess second angular data DB1 and the 
second detection data DB2 (SP3). Then, the CPU 
290 transmits a signal of logic "1" to the output 

in 
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port P1 for a predetermined time period (SP4). 

The CPU 290 calculates rotational angles 01 
and 02 of the first and second rotary mirrors 241 
and 242 by using the first and second angular data 
DAI and DB1 in accordance with the following 
equation (SP5). 

01 = 2* • Tck • DA1/Tf (radian) (7) 

02 = 2tt • Tck • DB1/Tf (radian) (8) 

where symbol Tck represent the period of the 
clock signal CK, Tf represents the time it takes the 
first and second rotary mirror 241 and 242 to 
complete one rotation, which are previously stored 
in the program as constants. 

Then, it is determined whether or not the rota- 
tional angle 01 of the rotary mirror 241 is 0 or an 
integer multiple of w/4 (SP6). That is. it is deter- 
mined whether or not reflected light detected from 
the photosensor is light reflected by the position 
indicator 110. If it is determined that the rotational 
angle 01 is 0 or a multiple of tt/4, the flow returns 
to SP1. If the rotational angle 01 is not 0 or a 
multiple of W4, it is determined whether or not the 
rotational angle 02 of the second rotary mirror 242 
is 0 or a multiple tt/4 (SP7). If it is determined that 
the rotational angle 02 is 0 or a multiple of w/4, the 
flow returns to SP1. If it is determined that the 
rotational angle 02 is not 0 or a multiple of w/4, it is 
determined whether or not bit A1 of the first detec- 
tion data DA2 is 1 (SP8). If it is determined that A1 
= 0, the flow advances to SP10. If it is determined 
that A1 = 1. angle <J>1 made between the light from 
the position indicator 110 and reflected by the 
rotary mirror 241 and X-axis is calculated in accor- 
dance with the following equation (SP9), and the 
flow advances to SP16. 
+1 = 2 * 01 (9) 

If it is determined A1 = 0 in step SP8, it is 
determined whether or not bit A2 is 1 (SP10). If it is 
determined that A2 = 0, the flow shifts to SP12. If 
it is determined that A2 = 1, angle $1 is calculated 
in accordance with the following equation (SP11), 
and then the flow shifts to SP16. 
+1 = 2 • (01 + tt/4) (10) 

If it is determined that A2 = 0 in SP 10, it is 
determined whether or not bit A3 is 1 (SP12). If it is 
determined that A3 = 0, the flow shifts to SP14. If 
it is determined that A3 = 1, angle <M is calculated 
in accordance with the following equation (SP13), 
and then the flow shifts to SP16. <f>1 = 2 • (01 - 
*/2) (11) 

If it is determined that A3 = 0 In SP12, it is 
determined whether or not bit A is 1 (SP14). If it is 
determined that A4 = 0, the flow returns to SP1. If 
it is determined that A4 = 1 , angle <f>1 is calculated 
in accordance with the following equation (SP15), 
and the flow shifts to SP16. 
*1 .= 2 • (01 - tt/4) (12) 

Then, it is determined that bit B1 of the second 



detection data DB2 is 1 (SP16). If it is determined 
that B1 = 0, the flow shifts to SP 18. If it is 
determined that B1 = 1, angle £2 made between 
the light from the position indicator 110 and re- 

5 fleeted by the rotary mirror 242 and X-axis is 
calculated in accordance with the following equa- 
tion (SP17), and the flow advances to SP24. 
$2 = 2 • 02 (13) 

If it is determined that B1 = 0, it is determined 

w whether or not bit B2 is 1 (SP18). If it is deter- 
mined that B2 =0, the flow shifts to SP20. If it is 
determined that B2 = 1. angle <f>2 is calculated in 
accordance with the following equation (SP19), and 
then the flow shifts to SP24. 

is 62 = 2 * (02 + tt/4) (14) 

If it is determined that B2 = 0 in SP18, if is 
determined whether or not bit B3 is 1 (SP20). If it 
is determined that B3 = 0, the flow shifts to SP22. 
If it is determined that B3 = 1, angle <t>2 is cal- 

20 culated in accordance with the following equation 
(SP21), and then the flow shifts to SP24. 
<f>2 = 2 • (02- W2) (15) 

If it is determined that B3 = 0 in SP20, it is 
determined whether or not bit B4 is 1 (SP22). If it 

25 is determined that B4 = 0, the flow returns to SP1. 
If it is determined that B4 = 1, angle $2 is cal- 
culated in accordance with the following equation 
(SP23), and then the flow shifts to SP24. 
4>2 = 2 • (02 -W4) (16) 

30 Then, X-coordinate and Y-coordinate of point 
Po are calculated by using angles $1 and <f>2 in 
accordance with the following equation (SP24). 
x = L ■ tan <f>2/(tan <f>1 + tan </>2) (17) 
y = L • tan *1 • tan <j>2/(tan <M + tan <t>2) 

35 (18) 

where symbol L represents the distance between 
the fist rotary mirror 241 and the second rotary 
mirror 242 and is previously stored in the program. 
After X-coordinate and Y-coordinate have been 

40 obtained, the flow shifts to SP1 . 

According to the second embodiment, 8 lasers 
are used so as to serve as light source. Another 
structure may be employed which is arranged such 
that one laser is used and laser beam emitted from 

45 the laser according to another structure is made 
incident upon the first and second rotary mirrors 

241 and 242 from a plurality of angles by using a 
half mirror, a mirror or the like. 

According to the second embodiment, although 
50 rotary mirrors each of which has a mirror surface 
are employed as the first and second rotary mirrors 

242 and 242, rotary mirrors each of which has a 
plurality of mirror surfaces may be employed. In 
this case, further accurate coordinates can be ob- 

55 tained since the intervals of the detections of the 
coordinates can be reduced by conducting calcula- 
tions arranged to correspond to the polygon mir- 
rors. 
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According to the second embodiment, the 
structure is arranged such that laser beams are 
made incident upon the first and second rotary 
mirrors 241 and 242 respectively from four direc- 
tions. The intervals of the detection of coordinates 
can be further shortened by employing a structure 
arranged such that laser beams are made incident 
from larger number of directions. 

Fig. 10 is a view which illustrates the arrange- 
ment of an optical system for use in a third em- 
bodiment. Referring to the drawing, the same com- 
ponents as those according to the first embodiment 
are given the same reference numerals. That is, 
reference numeral 110 represents the position in- 
dicator, 121 and 122 represent lasers, 125 and 126 
represent first and second rotary mirrors, 127 and 
128 represent the first and second photosensors, 
171 and 172 represent quarter wavelength plates, 
173 and 174 represent cylindrical lenses, 175 and 
176 represent lenses, 177 and 178 represent po- 
larizing beam splitters, 180 represent coordinate 
input region. 

As shown in Fig. 11(a), the position indicator 
110 is constituted in such a manner that a mirror 
portion 114 is disposed on one side surface of a 
box-like main body 111, the bottom portion of the 
main body 1 1 1 and the same of the mirror portion 
1 1 4 being arranged such that they can be held in 
parallel to plane XY. A transparent display piate 
(omitted from illustration) made of synthetic resin is 
attached to the above-described bottom surface of 
the mirror portion 114. A hair-cross mark showing 
the center of the mirror portion 114 is provided on 
the above-described display plate. As shown in 
Figs. 11(b) and 11(c), the side external mirror of 
the mirror portion 114 is inwardly curved at the 
central portion thereof. As a result, even if the laser 
beam made incident upon the mirror portion 114 is 
not perpendicular to the center axis of the hair 
cross mark, a portion of the laser beams passing 
through the center axis of the hair cross mark can 
be reflected into the path of incident light. A coordi- 
nate calculation instruction signal generating circuit 
115, to be described later, is provided in the main 
body 111. The coordinate calculation instruction 
signal generating circuit 115 is connected to a 
switch 116 disposed on the outer surface of the 
main body 111 and to an electric circuit to be 
described later so that when the switch 116 is 
switched on the coordinate calculation instruction 
signal generating circuit 115 generates a command 
signal. 

Each of the lasers 121 and 122 comprises a 
semiconductor laser. The structure is arranged in 
such a manner that the laser beam emitted by the 
laser 121 is made incident upon the polarizing 
beam splitter 177 disposed on X-axis in parallel to 
pfcne XY via the lens 175 and the cylindrical lens 



173. The laser beam which has passed through the 
polarizing beam splitter 177 is made incident upon 
the rotational axis of the first rotary mirror 125 in 
parallel to plane XY via the quarter wavelength 
5 plate 171. On the other hand, the laser beam 
emitted by the laser 122 is made incident upon the 
polarizing beam splitter 178 disposed on X-axis in 
parallel to plane XY via the lens 176 and the 
cylindrical lens 174. The laser beam which has 

to passed through the polarizing beam splitter 178 is 
made incident upon the rotational axis of the first 
rotary mirror 126 in parallel to plane XY via the 
quarter wavelength piate 172. 

The lens 1 75 is a lens arranged to have such a 

75 focal length that laser beams, which have been 
reflected by, for example, specific point Pi of the 
first rotary mirror 125, focused at the center of the 
coordinate input region 180 on the plane XY. The 
lens 176 is a lens arranged to have such a focai 

20 length having laser beams, which have been re- 
flected by, for example, specific point P2 of the 
second rotary mirror 126, are focused at the center 
of the coordinate input region 180 on the plane XY. 
Thus, the laser beams emitted from the lasers 121 

25 an 122 are stopped by the lenses 175 and 176. As 
a result, the intensity of the laser beam made 
incident upon the photosensors 127 and 128 after 
the laser beam has been reflected by the mirror 
portion 114 is strengthened, and irregular reflection 

30 of laser beams caused from the mirror portion 114 
is prevented. 

The cylindrical lenses 173 and 174 are dis- 
posed so as to cause the laser beams emitted from 
the lasers 121 and 122 to form band-like shapes 

35 and so as to cause the plane of the laser beams to 
be perpendicular to plane XY. The laser beams 
which do not pass through the center axis of the 
mirror portion 114 are reduced and irregular reflec- 
tion of the laser beams caused from the mirror 

40 portion 114 is prevented by making the laser 
beams in the form of a band-like shape and per- 
pendicular to the plane XY. 

Fig. 12 is a block diagram of the electric circuit 
for use in the third embodiment. The same compo- 

45 nents as those according to the first embodiment 
are given the same reference numerals. The dif- 
ference from the first embodiment lies in that the 
above-described coordinate calculation instruction 
signal generating circuit 115 is further provided, 

50 and in the structure of the level detection circuits 
156 and 157 and the interruption signal generating 
circuit 158. 

The coordinate calculation instruction signal 
generating circuit 115 is capable of transmitting 
55 coordinate calculation instruction signal J of logic 
"1" when the switch 116 is switched on. 

The level detection circuits 156 and 157 are 
structured similarly to each other and each com- 

4 o 
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prise a resistor and an operation amplifier The level 
detection circuit 156 converts an photoelectric cur- 
rent transmitted from the emitter of the first 
photosensor 127 into voltage VpM, the voltage V phl 
being then subjected to comparison with first and 
second detection reference levels V lhl and V, h2 so 
as to transmit signals A1 and A2. If V {h2 < V lh1 and 
also V th1 £ V phl , signal A1 of logic "1" is transmit- 
ted to the pulse shaping circuit 1 44. If V, h2 £ V ph1 < 
V t M. signal A2 of logic "1" is transmitted to the 
pulse shaping circuit 145. Similarly, the level detec- 
tion circuit 157 converts an photoelectric current 
transmitted from the emitter of the second 
photosensor 1 28 into voltage V ph2l the voltage V ph2 
being then subjected to comparison with first and 
second detection reference levels V th1 and V th2 so 
as to transmit signals B1 and B2. If V thl £ V phl . 
signal B1 of logic "1" is transmitted to the pulse 
shaping circuit 146. If V !h2 £ V ph1 < V !h i, signal B2 
of logic "1" is transmitted to the pulse shaping 
circuit 147. 

The pulse shaping circuit 144 receives signal 
A1 and clock signal CK so as to transmit signal C. 
The pulse shaping circuit 145 receives signal A2 
and clock signal CK so as to transmit signal E. The 
pulse shaping circuit 146 receives signal B1 and 
clock signal CK so as to transmit signal D. The 
pulse shaping circuit 147 receives signal B2 and 
clock signal CK so as to transmit signal F. 

The interruption signal generating circuit 158 is 
constituted by a flip-flop and a logical circuit and 
capable of receiving the output signals E and F 
from the pulse shaping circuits 145 and 147, the 
coordinate calculation instruction signal J, and the 
clock signal CK. The interruption signal generating 
circuit 158 is capable of transmitting interruption 
signal INT. The interruption signal generating cir- 
cuit 158 is further capable of transmitting interrup- 
tion signal INT to a CPU 155 to be described later 
after it has caused the interruption signal INT to be 
logic "1 " on condition that the logic value of the 
coordinate calculation instruction signal J is "1" 
and either the pulse signal E or F is inputted and 
then the other pulse signal is inputted or on con- 
dition that the logic value of the coordinate calcula- 
tion instruction signal J is "1" and both the pulse 
signals E and F are simultaneously Inputted. In 
addition, the interruption signal generating circuit 
158 causes the interruption signal INT to be logic 
"0 M under condition that pulse reset signal R of 
logic "1" is inputted thereto from the CPU 155. 

Then, the operation of the third embodiment 
thus constituted will be described. 

Description will be made considering a case in 
which the position of point Po in the coordinate 
input region 180 shown in Fig. 10 is inputted. First, 
the position indicator 110 is moved so as to cause 
the center of the hair cross mark of the mirror 



portion 114 to agree with point Po, and then the 
switch 1 16 is switched on. 

The laser beam emitted from the laser 121 is 
made incident upon the polarizing beam splitter 

5 177 via the lens 175 and the cylindrical lens 173. If 
the incidental laser beam is, for example, non- 
polarizing light, a laser beam having a polarizing 
plane in a predetermined direction is made incident 
upon the first rotary mirror 125 after it has passed 

io through the polarizing beam splitter 117 and the 
quarter wavelength plate 171. In the case where 
the laser beam is perpendicularly made incident 
upon the surface of the first rotary mirror 125, the 
reflected light is made incident upon the polarizing 

75 beam splitter 177 after passing through the quarter 
wavelength plate 171 on the same optical passage 
as that through v/hich the incidental light beam 
passes. At this time, light reflected by the first 
rotary mirror 125 is caused to be a linear polarized 

20 light whose polarized plane is different from in- 
cidental light by 90 degrees due to the quarter 
wavelength plate 171, the liner polarized light being 
then reflected by the polarizing beam splitter 177 
so as to be made incident upon the photosensor 

25 127. The laser beam reflected by the mirror portion 
114 of the position indicator 110 is similarly de- 
tected by the photosensor 127. 

Similarly, laser beam emitted from the laser 
122 and directly reflected by the second rotary 

30 mirror 126 and also reflected light by the mirror 
portion 114 of the position indicator 110 are de- 
tected by the second photosensor 128. 

It is not necessary for the laser beams emitted 
from the lasers 121 and 122 to be non-polarized 

35 light. They may, of course, be laser beams having 
polarized planes and thereby being transmissible 
through the polarizing beam splitters 177 and 178. 

When reflected light is made incident upon the 
first photosensor 127, the transmitted photoelectric 

40 current is increased. However, since this increase 
is based on the intensity of light, the degree of 
increase In the photoelectric current is higher in 
light directly reflected by the first rotary mirror 125 
than in light reflected by the mirror portion 114 of 

45 the position indicator 110 by virtue of stronger light 
intensity due to the reduced degree of light scatter- 
ing or the like. Similarly, the direct reflected light 
by the second rotary mirror 126 and reflected light 
by the mirror portion 114 of the position indicator 

so 110 show the difference that light directly reflected 
by the second rotary mirror 126 shows stronger 
light intensity. 

The first detection reference level V thl is deter- 
mined with which light directly reflected by the first 

55 and second rotary mirrors 125 and 126 can be 
detected, while the second detection reference lev- 
el V lh2 is determined with which light reflected by 
the mirror portion 114 of the position indicator 110 
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can be detected. 

When the first photosensor 127 detects light 
directly reflected by the first rotary mirror 125, the 
counter 148 is reset by the signal C transmitted 
from the pulse shaping circuit 144. When the same 5 
detects light reflected by the mirror portion 114 of 
the position indicator 110, output data from the 
counter 148 is latched by the register 151 by the 
signal E transmitted from the pulse shaping circuit 
145 so as to be registered as angular data D1 10 
representing incidental angle 01 of the laser beam 
to be made incident upon the first rotary mirror 
125. 

When the second photosensor 128 detects 
light directly reflected by the second rotary mirror 15 
126, the counter 149 is reset by the signal D 
transmitted from the pulse shaping circuit 146. 
When the same detects light reflected by the mir- 
ror portion 114 of the position indicator 110, output 
data from the counter 149 is latched by the register 20 
152 by the signal F transmitted from the pulse 
shaping circuit 147 so as to be registered as an- 
gular data D2 representing incidental angle 62 of 
the laser beam to be made incident upon the 
second rotary mirror 126. Furthermore, angular 25 
data D1 and D2 are latched by the registers 153 
and 154 by the interruption signal INT. 

The CPU 155 conducts the processings simi- 
larly to the first embodiment, X-coordinate and Y- 
coordinate of point P0 instructed by the position 30 
indicator 110 being thus calculated. 

According to the third embodiment, although 
rotary mirrors each of which has a mirror surface 
are employed as the first and second rotary mirrors 
125 and 126, rotary mirrors each of which has a 35 
plurality of mirror surfaces may be employed. In 
this case, more accurate coordinates can be ob- 
tained since the intervais of the detections of the 
coordinates can be reduced by conducting calcula- 
tions arranged to correspond to the polygon mir- 40 
rors. 

Although the coordinate calculation instruction 
signal J is suppiied to the interruption signal gen- 
erating circuit 158 via a cable in the third embodi- 
ment, it may be transmitted by means of ultrasonic 45 
waves or infrared rays. 

Figs. 13(a), 13(b), and 14 are views which 
illustrate a fourth embodiment of the present inven- 
tion. The structure of this embodiment is the same 
as the above- described embodiments. This em- so 
bodiment is characterized in that the pair of light 
source units can be adjusted in accordance with 
the area of the coordinate input region. 

Fig. 13(a) is a view which illustrates the case in 
which this embodiment is applied to a relatively 55 
narrow coordinate plane, in which the coordinate 
input apparatus according to the present invention 
is in a state where the distance between the pair of 



light sources is relatively short. 

Fig. 13(b) is a view which illustrates the case in 
which this embodiment is applied to a relatively 
wide coordinate plane, in which the coordinate in- 
put apparatus according to the present invention is 
in a state where the distance between the pair of 
light sources is relatively long. That is, a coordinate 
plane 302 shown in Fig. 13(b) has a larger size 
than that of a coordinate plane 302 shown in Fig. 
13(a), and distance L between specific points Pi 
and P2 is arranged to be longer than that of the 
coordinate plate 302. The distance L can be man- 
ually or automatically specified by relatively mov- 
ing the right and left light sources along the refer- 
ence line. 

Fig. 14 is a front elevational view which illus- 
trates a light source portion of the coordinate input 
apparatus according to the present invention. A 
light source portion 303 comprises a lengthened 
base member 308 for defining the reference line, a 
fixed light source unit 304 secured, via a fixed table 
309, to the right end portion of the base member 
308, and a movable light source unit 305 mounted 
on a movable table 310 which is capable of moving 
along the reference line. The movable light source 
portion 303 includes a drive mechanism for auto- 
matically moving the movable light source unit 305. 
The drive mechanism comprises a ball screw or a 
lead screw 311 inserting into the movable table 310 
on which the movable light source unit 305 is 
mounted, an electric motor such as a stepping 
motor which is coupled, via a coupling 312, to the 
lead screw 312 for the purpose of rotating the lead 
screw 312, and a control circuit 314 capable of 
controlling the rotation of the electric motor 313 so 
as to determine the distance L between the spe- 
cific points Pi and P 2 . The control circuit 314 is 
connected to a calculating portion 306 so that the 
control circuit 314 automatically controls the rota- 
tion of the stepping motor 313 and thereby rela- 
tively, with respect to the fixed light source 304, 
moves the movable light source unit 305 mounted 
on the movable table 310 via the lead screw 311 
by inputting the value of L which corresponds to 
the specified coordinate plane to the calculating 
portion 306. The output terminals of the pair of light 
source units 304 and 305 are connected to the 
calculating portion 306 via cables. 

The lead screw 31 1 is borne by a pair of fixed 
plates 315 and 316 which are disposed away from 
each other. The movable table 310 is supported by 
a pair of guide rails 317 and 318 so as to be 
capable of moving along the reference line. 

The calculating portion 306 includes a CPU so 
as to calculate, similarly to the above-described 
embodiments, the coordinate instructed by the po- 
sition indicator (cursor) 301 in accordance with the 
angular data 01 and 62 obtained similarly to those 
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obtained according to the above-described embodi- 
ments and data L representing the distance be- 
tween two points, the data L being previously input- 
ted. A CRT 307 or an electronic OHP using trans- 
mission type liquid crystal display elements is con- 
nected to the CPU so as to visually display the 
results of the calculations. The motor control circuit 
314 is also connected to the CPU so as to control 
the operation of the stepping motor 313 of the light 
source portion 303 in accordance with data L which 
has been previously inputted to the CPU. 

Then, the operation of the optical coordinate 
input apparatus according to this embodiment will 
be described. As shown in Figs. 13(a) or 13(b), the 
light source portion 303 is positioned on the sur- 
face of the top of the input coordinate plane given. 
Then, the distance L (the distance between a pair 
of specific points Pi and P 2 ) between the pair of 
light source units 304 and 305 is inputted to the 
CPU of the calculating portion 306 in accordance 
with the size of the input coordinate plane. In 
accordance with the value L thus inputted, the 
motor control circuit 314 rotates the stepping motor 
313 of the light source portion 303 by a predeter- 
mined degree so as to move the movable light 
source unit 305 along the reference line. As a 
result the distance from the movable light source 
unit 305 to the fixed light source unit 304 is co- 
incided with the specified value L 

Then, a light reflection type cursor 1 is dis- 
posed on the given coordinate plane 302, and the 
center axis thereof is caused to agree with a de- 
sired coordinate Po (x, y) by using a collimeter. 
The coordinate instruction by using the cursor 301 
can be conducted continuously since the angularly 
scanning speed of the incident light is conducted at 
high speed. 

Then, the pair of the light source units 304 and 
305 are operated so as to angularly scan the 
incident line and calculate the coordinate P0 (x, y) 
by conducting a triangulation. 

According to this embodiment, the distance 
between the pair of the light source units is auto- 
matically determined in accordance with the size of 
the given coordinate input plane by using the step- 
ping motor and the lead screw. However, the dis- 
tance L between the light source units can be 
manually adjusted. In this case, the structure is so 
arranged that the movable light source unit is sim- 
ply moved along the guide rails. After the distance 
has been specified manually, the calculation and 
input of the value L are conducted as follows: first, 
the cursor is disposed at a predetermined point, 
and 01 and 62 are obtained by scanning the in- 
cident light Then, with the cursor moved from the 
predetermined point to another point of which the 
distance to the first point is known, the incident 
light is scanned so as to obtain 01 and 02. By 



using the thus obtained data 01, 02, 01 , 02 , and 
D, an inverse operation of the triangulation so as to 
obtain the distance L between the specific points 
Pi and P2. Then, coordinate inputs with the light 

5 reflection type cursor are conducted by using the 
value L thus obtained. 

The above-described optical structure of the 
optical unit serves as only examples. A variety of 
modifications can be available. Furthermore, the 

w light reflection type cursor may also be modified 
variously. In addition, the moving structure of the 
movable optical portion is, of course, modified var- 
iously. 

Figs. 15(a), 15(b), an 15(c) are views which 

75 illustrate a modification to the position indicator (the 
cursor). This modification is characterized by a 
function realized such that the incident light pass- 
ing toward the center axis of the cursor, which 
represents the position of the cursor, is selectively 

20 reflected so as to return reflected light to the light 
source. Furthermore, another function is effective 
when the cursor is put on a plane and is manually 
and continuously moved so as to conduct continu- 
ous coordinate inputs, the function being such that 

25 reflected light can be kept within the incidental 
optical passage even if the cursor is inclined with 
respect to the coordinate plane during its moving. 

Fig. 15(a) is a plan view which illustrates an 
light reflection type cursor according to this em- 

30 bodiment. An annular lens member 401 having 
concentric inner surface 402 and an outer surface 
403 is made of an optical material, for example, 
high refraction factor glass SLF-03 having a refrac- 
tion factor of 1.83. A light reflection layer 404 is 

35 formed along the inner surface 402. The light re- 
flection layer 404 is manufactured by evaporating 
metal such as aluminum or metal foil. The annular 
lens member 401 is supported by a support mem- 
ber 405 at the non-effective outer surface thereof 

40 and is arranged to be capable of moving along the 
coordinate plate with the concentric axis retained 
with respect to the given plane XY. At the central 
portion of the annular lens member 401, there is 
provided a collimatlng member 406 capable of 

45 coinciding central point P1, through which the con- 
centric axis passes, with a specific point on the 
plane XY. The collimating member 406 has a hair 
cross line to be used for collimating. 

Fig. 15 (b) is a cross sectional view which 

50 illustrates the cursor shown in Fig. 14 (a) in such a 
manner that the same is cross-sectioned by a 
plane including a line connecting the concentric 
axis of the annular lens member 401 , central point 
P0, and one of the light source Pi. The cross cut 

55 shape of the inner surface 402 of the annular lens 
member 401 is parallel to the concentric axis 407. 
The cross cut shape of the outer surface 403 is 
ground so as to be curved outward with a predeter- 
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mined curvature. Thus, the outer surface 403 con- 
stitutes a lens surface having an optical axis which 
is along the radial direction of the annular shape, 
the curvature of the outer surface being determined 
so as to cause the focal point of the lens to be 
positioned on the inner surface 402. It is preferable 
that the annular lens member 401 be made of a 
high refraction factor in order to reduce the thick- 
ness of the portion between the outer surface 403 
and the inner surface 402 and to reduce the size of 
the cursor. Incident light 409 from a distant light 
source Pi is reflected by the reflection layer 404, 
and it is emitted as reflected light 410. 

The collimating member 406 disposed at the 
central portion of the annular lens member 401 is 
made of, for example, a fiber optic plate. That is, 
the collimating member 406 comprises a bottom 
portion 412 positioned in contact with a XY plane 
411, a upper surface 413 which is in parallel to the 
bottom portion 41 2, a parallel bundle of the optical 
fibers for connecting the bottom portion 412 and 
the upper surface 413, and a hair cross line mark 
corresponding to central point Po. The support 
member 405 comprises a bottom portion 415 
which is positioned which is slidable with respect to 
the coordinate plane 411, and a fixing portion 416 
for securing the non-effective outer surface of the 
annular lens member 401 such that the concentric 
axis 407 of the lens member 401 is perpendicular 
to the bottom portion 415. 

The way of usage of the cursor according to 
this embodiment will be described with reference 
to Figs. 15(a) and 15(b). When the support member 
405 of the cursor is held on a predetermined 
position on the plane XY, the central point of the 
cursor, that is, the central point Po of the annular 
lens member 401 is coincided with a desired spe- 
cific point for input by using the collimating mem- 
ber 406. Since the collimating member 406 is, as 
described above, made of the fiber optic plate, the 
image on the XY coordinate plane positioned in 
contact with the bottom portion 412 of the collimat- 
ing member 406 is retained as it is after it has 
passed through the optical fiber bundle 414 so as 
to be imaged on the corresponding upper surface 
413. Since the thus formed image has no substan- 
tial parallax, the desired point can be accurately 
specified by using the intersection of the hair cross 
line formed in the collimating member 406, that is, 
the centra! point Po as the collimation with the thus 
formed image observed. 

With the central point Po of the cursor co- 
incided with the coordinate point to be input, in- 
cident light beams to be scanned angularly along 
the coordinate plane are emitted from the light 
sources Pi and Pi which are positioned away from 
each other by a predetermined distance L similarly 
to the above-described embodiments. As shown in 



Fig. 15(a), when an incidental light beams 409 
emitted from light source Pi agrees with an optical 
axis 408 connecting the central point Po and the 
light beam Pi, the incident light 409 reflected verti- 
5 cally by the reflection film 404 of the annular lens 
member 401 so that a reflected light beam 410 
passes reversely through the same path as the 
incident light beam 409 when viewed in a plane 
manner. The reflected light 41 0 returns to the light 

w source Pi at which it is detected. The angle </>1 
defined by the path of the incident light beam 409 
and the reflected light beam 410 and the reference 
line connecting the light sources Pi and P2 is 
defined. Similarly, angle 02 between the optical 

75 path and the above-described reference line when 
the incident light and emitted light are colinear with 
each other when viewed in a plane manner is 
defined. Thus, the coordinate of the central point 
Po of the cursor is obtained in accordance with the 

20 principle of the triangulation by using the thus 
obtained angles 4>1 and 4>2 and the distance L 
between the light sources. As a result input of a 
desired coordinate is performed. 

As shown in Fig. 15(c), in the continuous co- 

25 ordinate specifying mode, the bottom surface of 
the annular lens member 401 can separate from 
the XY coordinate plane 41 1 during the movement 
of the cursor, causing the concentric axis 407 to be 
temporarily inclined with respect to this plane 411. 

30 For example, it can be caused from shake of the 
user who is holding the support member 405 of the 
cursor. Even if the concentric axis inclines with 
respect to the coordinate plane 41 1 , the reflected 
light beam 410 can inversely pass through the 

35 same optical path along which the incident light 
beam 409 passes when viewed in a plane manner. 
That is, the incident light beam 409 which has 
passed through the plane including the concentric 
axis 407 and the radial optical axis is reflected and 

40 converged by the surface of the lens formed by the 
outer surface 403 of the annular lens member 401 
so that it is imaged on the reflection layer 404 
formed on the inner surface 402. The reason for 
this lies in that the curvature of the lens be deter- 

45 mined so as to make the focal point of the lens is 
positioned on the inner surface 402. Therefore, the 
light beam reflected by the reflection layer 404 is 
reflected by the lens outer surface 403 by a so- 
called cats-eye effect, and is then emitted in par- 
se? allel to the incident light beam 409 toward the 
distant light source. Since the incident light beam 
409 and the reflected light beam 410 are in parallel 
to each other, they cannot move away from each 
other. 

55 Provided that the cursor is constituted by only 
a cylindrical reflection mirror, light is not, of course, 
made incident upon perpendicularly to the reflec- 
tion mirror If the axis of the cylinder is inclined with 
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respect to the coordinate plane. Therefore, the di- 
rection of the reflected light beam is different from 
that of incident light beam. As a result, the re- 
flected light beam cannot return to the distant light 
source. Therefore, if the axis of the cylinder is 5 
inclined, the triangulation in accordance with the 
coincidence of the passages through which the 
incident and reflected light beams cannot be con- 
ducted in the previous embodiment. However, ac- 
cording to this embodiment, even if the concentric 10 
axis is inclined, no substantia! problems do occur 
so that the triangulation can be continued. 

Then, input of coordinates with the light reflec- 
tion type cursor is conducted by using the thus 
obtained value L *s 

The above-described optical structures of the 
optical units are described only for the examples. 
They may be modified variously. Furthermore, the 
light reflection type cursor can be modified from 
the above-described embodiments. In addition, the 20 
movable structure of the movable optical portion 
can, of course, be modified variously. 

According to this embodiment, the cursor is, as 
shown in Fig. 15(a), positioned on the input plate 
having a finite area. However, if the cursor is posi- 25 
tioned within a region over which the laser beams 
can reach, it can be positioned on an optional level 
plane or vertical plane. 

Although the object of the present invention is 
to enlarge the size of the apparatus, the present 30 
invention can, of course, be applied to the appara- 
tus of the conventional size, for example, sizes 
smaller than AO as the scope of the claims of the 
present invention. 

It is further understood by those skilled in the 35 
art that the foregoing description is preferred em- 
bodiment of the disclosed apparatus and that var- 
ious changes and modifications may be made in 
the invention without departing from the spirit and 
scope thereof. For example, as disclosed in Japa- ao 
nese Patent Laid-Open No. 60-95644, the optical 
system and the coordinate detection plane are dis- 
posed perpendicularly to each other with respect to 
the mirror. 

The above described concept of the invention 45 
can further be modified or generalized as will be 
described below. 

If only the coordinate of a point on a one- 
dimensional coordinate line has to be determined, 
it is sufficient to provide only a single light source so 
unit on said reference line. The coordinate can then 
be determined from the angle between the refer- 
ence line and the light beam and the known dis- 
tance of the light source from the coordinate line. 

While in the above described embodiments the 55 
light sources are provided on the reference line 
and the position indicator is of a reflection type, it 
is also possible to provide the position indicator 



with a light source emitting light over a wide an- 
gular range in the XY plane. In this case, the rotary 
mirrors such as mirrors 125,126 in Fig. 1(b) are 
replaced by optical sensors which are sensitive 
only for light incident from a predetermined direc- 
tion and which are rotated so as to scan the XY 
plane. 

Further, in the above described embodiments pre- 
determined points Pi ,P2 are fixed on the reference 
line and the angles between the reference line and 
the lines of sight from the points Pi,P2 to the 
position indicator are measured. Alternatively, it is 
possible to emit two or more light beams at two or 
more fixed angles from the position indicator and to 
detect the positions where these light beams meet 
the reference line. This detection can for example 
be achieved by means of a ccd-device. Since the 
position indicator may be rotated about its centre 
axis, two beams are not sufficient for uniquely 
determining a position on a coordinate plane. If the 
angle included by two light beams at the position 
indicator is fixed (e.g.90*) and the light beams 
meet the reference line at two specific points, the 
possible positions of the position indicator are lo- 
cated on a circle (Thales' circle). Accordingly, the 
coordinate of the position indicator on a coordinate 
line can be detected by calculating the intersection 
point between said circle and the coordinate line. 
The coordinates of a point on a coordinate plane 
can be detected by means of three light beams. 
Then, each pair of light beams defines a circle 
representing possible locations of the position in- 
dicator, and the coordinates can be calculated by 
determining the intersection point between these 
circles. Of course, there is still an ambiguity in that 
a circle and a line or two circles have two intersec- 
tion points. This ambiguity can however be re- 
moved by specifying that the input area of the 
coordinate plane or the coordinate line is provided 
only on one side of the reference line. 



Claims 

1. An optical coordinate input apparatus com- 
prising: 

a reflection type position indicator (110;301;401) 
capable of designating a coordinate to be input and 
movably disposed over a two dimensional coordi- 
nate plane having a given size so that incident light 
passing along an optical path which is directed 
toward a central axis of the position indicator is 
reflected, said reflected light being then passed 
reversely along said optical path; 
a light source portion (100;303) disposed on said 
coordinate plane so as to emit incident light with 
angularly scanning said coordinate plane from two 
points (P1P2) disposed away from each other on a 
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reference line, capable of receiving light which is 
passing reversely after it has been reflected by 
said position indicator when said incident light co- 
incides with said optical path, and transmitting an 
output signal; and 

a calculating portion (306) capable of calculating 
angles (<J>1,4>2) between said optical paths connect- 
ing said two points to the central axis of said 
position indicator and said reference line and fur- 
ther calculating said coordinate designated by said 
position indicator by using the the thus calculated 
angles and a distance (L) between said two points 
In accordance with a principle of triangulation. 

2. An optical coordinate input apparatus ac- 
cording to Claim 1, wherein said light source por- 
tion comprises a laser (121,122;211-218) capable 
of generating said incident light, optical scanning 
means (1 25,1 26;241 ,242) capable of angularly 
scanning the coordinate plane with said incident 
light, and an optical sensor (131,132;231-238) ca- 
pable of receiving light reflected by said position 
indicator so as to generate a detection signal. 

3. An optical coordinate input apparatus ac- 
cording to Claim 1, wherein said light source por- 
tion (303) is mounted on said coordinate plane 
(302) and includes a pair of light source units 
(304,305) capable of emitting incident light with 
angularly scanning said coordinate plane from two 
points disposed away from each other on a refer- 
ence line and capable of receiving light which is 
passing reversely after it has been reflected by 
said position indicator (301) when said incident 
light coincides with said optical path, said light 
source portion being of a movable type in which 
said pair of light source units are relatively movable 
along said reference line so that the distance (L) 
between said two points can be adjusted so as to 
correspond to the size of said coordinate plane. 

4. An optical coordinate input apparatus ac- 
cording to Claim 3, wherein said movable light 
source portion comprises an elongated base mem- 
ber (308) capable of defining a reference line, a 
fixed light source unit (304) fixed at an end portion 
of said base member, and a movable light source 
unit (305) which can move along said reference 
line. 

5. An optical coordinate input apparatus ac- 
cording to Claim 4, wherein said movable light 
source unit (305) includes a drive member (311) 
capable of automatically moving said movable light 
source unit. 

6. An optical coordinate input apparatus ac- 
cording to Claim 5, wherein said drive member 
comprises a lead screw (311) inserted into said 
movable light source unit, an electric motor (313) 
capable of rotating said lead screw, and a control 
circuit (31 4) capable of adjusting said distance be- 
tween said two points to a desired value by control- 



ling the rotation of said electric motor. 

7. An optical coordinate input apparatus ac- 
cording to any of Claims 3,4 or 5, wherein each of 
said light source units comprises a laser light 

5 source capable of emitting incident light, optical 
scanning means capable of angularly scanning in- 
cident light, and an optical sensor capable of re- 
ceiving light reflected by said position indicator so 
as to generate a detection signal. 

70 8. An optical coordinate input apparatus ac- 

cording to Claim 7, wherein said optical scanning 
means is a rotary mirror (125,126;241,242). 

9. An optical coordinate input apparatus ac- 
cording to Claim 7, wherein said optical scanning 

75 means is a polygonal rotary mirror. 

10. An optical coordinate input apparatus ac- 
cording to either Claim 2 or 7, wherein each of said 
light source units has its optical system disposed 
between said laser light source and said optical 

20 scanning means. 

11. An optical coordinate input apparatus ac- 
cording to either Claim 1 or 3, wherein said cal- 
culation portion comprises a circuit (306) capable 
of obtaining the distance (L) between said two 

25 points (Pi,P2) in accordance with angles between 
said reference line and optical paths connecting 
said two points (P1P2) and said central axis of said 
position indicator which is positioned at a first co- 
ordinate point, angles between said reference line 

30 and optical paths connecting said two points and 
said central axis of said position indicator which is 
positioned at another coordinate point which is 
positioned away from said first coordinate point by 
a predetermined distance, and said predetermined 

35 distance. 

12. An optical coordinate input apparatus com- 
prising: 

a position indicator (110;301;401) having a mirror 
portion (112;114;404) whose mirror surfaces are 

40 formed at portions which are in parallel to a plane 
XY at the same distance from a central axis (£0) 
and are present on a common plane which is 
parallel to the plane XY, said position indicator 
being able to move over the plane XY; 

45 at least a light source (121,122) capable of emitting 
laser beams; 

a rotary mirror (125) having a rotational axis which 

is perpendicular to said plane XY; 

a second rotary mirror (126) disposed at a position 

50 which is away from said first rotary mirror by a 
predetermined distance (L) and has a rotational 
axis which is perpendicular to said plane XY; 
an optical system capable of making parallel said 
laser beam emitted from said light source made 

55 incident upon said first rotary mirror and said sec- 
ond rotary mirror; 

a first photosensor (131) capable of detecting said 
laser beam which is made incident upon said first 

H Q 
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rotary mirror, is reflected by said first rotary mirror 
and a mirror portion of said position indicator, is 
passed through the same optical path as the light 
made incident upon said mirror portion, and is 
made incident upon said first rotary mirror before 
being reflected so as to be thus detected; 
a second photosensor (132) capable of detecting 
said laser beam which is made incident upon said 
second rotary mirror, is reflected by said second 
rotary mirror and a mirror portion of said position 
indicator, is passed through the same optical path 
as the light made upon said mirror portion, and is 
made incident upon said second rotary mirror be- 
fore being reflected so as to be thus detected; 
angle detection means (153,154) capable of detect- 
ing the rotational angle of said first rotary mirror 
and the same of said second ro tary mirror; and 
coordinate calculating means (155) capable of cal- 
culating a coordinate of the central position of said 
mirror portion of said position indicator in accor- 
dance with an output signal from said first 
photosensor, an output signal from said second 
photosensor, and a result of said detection of said 
angles. 

13. An optical coordinate input apparatus com- 
prising: 

a position indicator (1 10;301;401) having a mirror 
portion (112;114;404) whose mirror surfaces are 
formed at positions which are in parallel to a plane 
XY at the same distance from a central axis and 
are present on a common plane which is parallel to 
the plane XY, said position indicator being able to 
move over the plane XY; 

a first rotary mirror (241) having a rotational axis 
which is perpendicular to said plane XY; 
a second rotary mirror (242) disposed at a position 
which is away from said first rotary mirror by a 
predetermined distance (L) and has a rotational 
axis which is perpendicular to said plane XY; 
at least a light source (21 1-218) capable of emitting 
laser beams; an optical system capable of making 
parallel said laser beam emitted from said light 
source made incident upon said first rotary mirror 
and said second rotary mirror from a plurality of 
directions; 

a first group consisting of a plurality of photosen- 
sors (231-234) provided so as to correspond to 
angles of said plurality of directions and capable of 
detecting one of said plurality of laser beams which 
Is made incident upon said first rotary mirror, is 
reflected by said first rotary mirror and a mirror 
portion of said position indicator, is passed through 
the same optical path as the light made incident 
upon said mirror portion, and is made incident 
upon said first rotary mirror before being reflected 
so as to be thus detected; 
a second group consisting of a plurality of 
photosensors (235-238) provided so as to corre- 



spond to angles of said plurality of directions and 
capable of detecting one of said plurality of laser 
beams which is made incident upon said second 
rotary mirror, is reflected by said second rotary 

5 mirror and a mirror portion of said position indica- 
tor, is passed through the same optical path as the 
light made incident upon said mirror portion, and is 
made incident upon said second rotary mirror be- 
fore being reflected so as to be thus detected; 

10 angle detection means (285-288) capable of detect- 
ing the rotational angle of said first rotary mirror 
and the same of said second rotary mirror; and 
coordinate calculating means (290) capable of cal- 
culating a coordinate of the central position of said 

75 mirror portion of said position indicator in accor- 
dance with an output signal from said first 
photosensors group, an output signal from said 
second photosensors group, and a result of said 
detection of said angles. 

20 14. An optical coordinate input apparatus ac- 
cording to either Claim 12 or 13, wherein said 
optical system comprises polarizing beam splitters 
(177,178) each of which is disposed between said 
light source and said rotary mirrors and quarter 

25 wavelength plates (171,172) each of which is dis- 
posed between said polarizing beam splitters and 
said rotary mirrors. 

15. An optical coordinate input apparatus ac- 
cording to either Claim 12 or 13, wherein a cylin- 

30 drical lens (173,174) capable of causing a laser 
beam emitted from said light source to be in the 
form of a band is provided in an optical passage 
between said light source and said rotary mirror. 

16. An optical coordinate input apparatus ac- 
35 cording to either Claim 12 or 13, wherein a stop 

circuit capable of stopping said laser beam is pro- 
vided in an optical passage between said light 
source and said rotary mirror. 

17. An optical coordinate input apparatus ac- 
40 cording to any of Claim 1,2,3,12 or 13, wherein 

said position indicator is provided with a coordinate 
calculation instruction signal generating circuit 
(115) capable of generating a signal for instructing 
a calculation of the coordinates, and said coordi- 
45 nate calculation means is arranged to calculate the 
coordinate in accordance with an output signal 
from said coordinate calculation instruction signal 
generating circuit. 

18. A position indicator (110;301;401) compris- 
so ing a mirror portion (112;113;114;404) whose mirror 

surfaces are formed at positions which are in par- 
allel to a plane XY at the same distance from a 
central axis (4>o) and are present on a common 
plane which is parallel to the plane XY, and being 
55 able to move over the plane XY. 

19. A position indicator according to Claim 18, 
wherein said mirror portion (112) is in the form of 
at least a half cylinder. 
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20. A position indicator according to Claim 18, 
wherein the central portion of said mirror portion 

(113) is curved outwardly. 

21. A position indicator according to Claim 
18,wherein the central portion of said mirror portion 

(114) is curved inwardly. 

22. A position indicator according to Claim 18 
further comprising a hair cross mark for indicating 
the central axis (<f>o). 

23. A position indicator for optically inputting 
coordinates comprising: 

an annular lens member (401) made of an optical 
material in the form of an annular shape having an 
inner surface (402) and an outer surface (403) 
concentric therewith, in which said inner surface is 
formed to have a cross sectional shape in parallel 
with the central axis (407) of the annular lens 
member and said outer surface is formed to have a 
cross sectional shape curved outward with a pre- 
determined curvature whereby a lens surface (403) 
having its optical axis oriented in the radial direc- 
tion of said annular shape is formed, said lens 
having its focal point on said inner surface (402); 
a reflection layer (404) disposed on said inner 
surface of said annular lens member and capable 
of reflecting light which has been made incident 
thereupon along a plane including said central axis 
and said radial optical axis, said light being re- 
flected in parallel to said incident light; 
a support member (405) capable of supporting said 
annular lens member and moving the same over a 
given coordinate plane (411) with said central axis 
retained perpendicular to said coordinate plane; 
and 

a coilimating member (406) capable of coinciding a 
central point through which said central axis of said 
annular lens member passes with a specific point 
(<£o) on said coordinate plane. 

24. A position indicator according to Claim 23, 
wherein said annular lens member (401) is con- 
stituted by high refracting factor glass and having a 
ground outer surface. 

25. A position indicator according to Claim 23, 
wherein said reflection layer (404) is constituted by 
thin metal layer. 

26. A position indicator according to Claim 23, 
wherein said support member (405) comprises a 
bottom portion (415) which is slidable in contact 
with said coordinate plane and a fixing portion 
(416) capable of fixing said annular lens member in 
such a manner that said central axis is perpendicu- 
lar to said bottom portion. 

27. A position indicator according to Claim 23, 
wherein said coilimating member (406) comprises 
a fiber optic plate which is fastened to the inner 
portion of said annular lens member, and com- 
prises a bottom portion (412) which is positioned in 
contact with said coordinate plane, an upper sur- 



face (413) which is in parallel to said bottom por- 
tion and a parallel bundle of optical fibers (414) for 
connecting said bottom portion and said upper 
surface. 

5 28. A method of detecting the coordinates of a 

point designated by a position indicator on a co- 
ordinate line or a coordinate plane, comprising the 
steps of 

a) defining a reference line at a predeter- 
w mined position relative to said coordinate line or 

said coordinate plane, 

b) transmitting 

b1) at least one light beam in case of a 
coordinate line or at least two light beams in case 
is of a coordinate plane from predetermined positions 
on said reference line toward said position indica- 
tor, or 

b2) at least two light beams in case of co- 
ordinate line or at least three light beams in case of 
20 a coordinate plane from said position indicator to- 
ward said reference line, said light beams including 
predetermined angles at the position indicator, 

c) measuring 

d) the angle or angles formed between said 
25 reference line and said light beam or light beams 

or 

c2) the positions where said light beams 
intersect said reference line, respectively, and 

d) calculating the coordinates on the basis of 
30 the measured and predetermined angle and posi- 
tion data and the trigonometric functions represent- 
ing the relations between these data. 
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